Using an in vitro incubation system containing undiluted ruminal contents from a steer fed a high-concentrate, corn-based diet, we examined microbial degradation of DL-a-tocopherol acetate (TA). Gas production, pH, and fermentation acid profiles were done in an initial experiment t o ensure conditions for reproducible, viable cultures over 24 h. The pH decreased from 5.7 to 4.9, gas production averaged 3.4 mL/mL of ruminal contents, and > 300 mM fermentation acids were produced. We then monitored the fate of TA added to bottles containing ruminal contents. Three methods of TA extraction were tried, of which two were used in experiments. The two methods used were 1) hot ethanol in a Soxhlet apparatus and 2 ) chlorofordmethanol. Each of these was used to extract added TA from a set of three in vitro experiments. Concentrations of TA were determined at 0 h and after 4, 8, and 24 h at 39°C. In the three hot ethanol extracted experiments, TA recoveries were 85% at 0 h. With time of incubation, TA levels either 1) remained constant, 2 ) decreased then returned to the initial value, or 3 ) decreased by approximately 50%. These inconsistent results indicated that this extraction method was unacceptable.
Introduction
Dietary vitamin E recommendations for cattle fed high-concentrate diets are being reevaluated because supplementation may increase performance and disease resistance. However, this reevaluation has been hampered by our incomplete knowledge of tocopherol availability and absorption. As in nonruminant animals, absorption of vitamin E in ruminants occurs in the small intestine (Thompson and Dietschy, 1981) . However, in ruminant animals only a portion lKansas Agric. Exp. Sta. contribution 93-309-5. 2Partial funding was provided by the Kansas Agric. Exp. Sta. and by a grant from the Dean's OEce, Coll. of Vet. Med., Kansas State Univ.
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of dietary vitamin E has been quantified as reaching the small intestine. Further, the amount disappearing has been shown t o be proportional t o the concentrate content of the diet, reaching 50% in an 80% corn diet (Alderson et al., 1971; Shin and Owens, 1990) . Ruminal microbial degradation has been implicated. In vitro incubations of ruminal contents provide a means to quantify microbial degradation. Previous in vitro data regarding vitamin E degradation were obtained using ruminal contents of fasted sheep fed a high-forage diet and suggested no degradation (Astrup et al., 1974) . It is questionable whether these data can be applied to cattle fed a high-concentrate diet.
We examined whether vitamin E was degraded by ruminal microbes by using an in vitro incubation system with ruminal contents from a steer fed a highconcentrate diet. For this study, we added DL-atocopherol acetate (TA) to samples of ruminal contents a t levels similar to those suggested to increase performance and disease resistance. Based on known patterns of anaerobic microbial metabolism, we 
Materials and Methods

Dehydrated alfalfa
Ruminal Contents Collection and In Vitro Incubation. Ruminal contents from a ruminally fistulated, crossbred beef steer (weight, 400 kg) fed a pelleted, corn-based, concentrate diet (Table 1 ) once daily at 1.5% BW were used. Ruminal content samples were collected via the fistula 30 to 60 min after feeding. Four wide-mouth, 500-mL Erlenmeyer flasks were individually immersed into the contents, filled to capacity, removed, sealed with rubber stoppers, and chilled on ice for transport to the laboratory.
Within 30 min of collection and under a flow of oxygen-free C02, the ruminal contents were filtered through a nylon screen (2-mm mesh size) into a 2-L Erlenmeyer flask held on ice to temporarily minimize microbial metabolism. With constant stirring (via a magnetic bar), the undiluted ruminal contents were dispensed anaerobically in 25-mL aliquots into chilled, 60-mL serum bottles filled with 0 2 -free C02 whose order had been randomized before dispensing. No additional substrate or buffer was added to the bottles because the short interval between feeding and contents collection provided ample feed substrate to sustain a vigorous fermentation (see Results). Further, the VFA themselves provide the majority of buffering capacity in cattle fed finishing diets (Counotte et al., 1979) . Thirty bottles were used to evaluate microbial viability and to validate the system. These bottles received .2 mL of 95% ethanol. Addition of ethanol had no effect on in vitro responses. Then, the bottles were closed with black butyl rubber stoppers and placed back on ice. Half the bottles were vented using one-way valves attached t o 18-gauge needles inserted through the stoppers to let the fermentation gases escape. The others were used to monitor gas production. Gas production and pH were determined after 0, 2, 4, 8, or 24 h of incubation in a 39°C rotary water bath at 200 rpm. Then the samples were frozen in dry ice-cooled ethanol and held at -40°C until they were analyzed for fermentation acids.
Gas Production and pH. Gas production was measured in replicate (unvented) bottles ( n = 3) to compare with vented bottles ( n = 3 ) in terms of pH and fermentation acid profiles. To measure gas production, a three-way valve affixed to an 18-gauge needle was used in conjunction with a luerlok, air-tight, 20-mL glass syringe. At each sampling time (2, 4, 8, and 24 h ) the needle was inserted through the stoppers of the selected bottles before their removal from the water bath. Gas was allowed to fill the syringe by opening the three-way valve. measure total gas produced at each sampling time. The pH of the contents of each bottle was then determined while under a flow of 02-free C02 using a combination pH electrode with an Accumet 925 pH meter (Fisher Scientific, Itasca, IL). The bottles were immediately restoppered and frozen.
Fermentation Acid Analysis. Ruminal content samples were clarified by centrifugation (20 min at 20,000 x g, 4°C ). An internal standard method adapted from Cottyn and Boucque (19681, Supelco (19821, and Mayhew and Gorbach (1977) was used. Briefly, .5 mL of pivalic acid (10 mM, internal standard) was added to 2.5 mL of clarified sample ( o r standard) followed by .5 mL of 25% (wt/vol) polyphosphoric acid, and the sample was vortexed to mix. Then .25 mL of 12 N NaOH was added with vortexing t o each tube. Finally, .5 mL of .24 M oxalic acid was added to each, stoppered, and mixed well. After 15 min at room temperature, the samples were centrifuged as above. Before loading into gas chromatography vials, each was filtered through a .2-pm Acrodisc syringe filter (Gelman Sciences, Ann Arbor, MI). Using a Varian model 3400 gas chromatograph (Walnut Creek, CAI equipped with a flame ionization detector and a Carbowax column ( 2 mm i.d. x 2 m glass column; 80/ 120 Carbopack B-DA/4% 20M; Supelco, Bellefonte, PA), prepared samples were assayed for concentrations of the VFA acetate, propionate, butyrate, isobutyrate, 2-methylbutyrate, valerate, and isovalerate and for DL-lactate and ethanol. Quantities were determined relative to a known standard mixture containing all these fermentation products. Chromatographic conditions were as follows: column temperature 175"C, injector and detector temperature 2OO0C, and N2 carrier gas at a flow rate of 23 mumin. Injection volume was .2 pL.
Tocopherol Acetate Degradation Experiments. Two sets of three in vitro incubation experiments were done. Each set of experiments was done on consecutive days. Ruminal contents were collected and dispensed as outlined above. Twelve and 24 bottles were used in the first and second sets of experiments, respectively. Immediately after samples were dispensed, DL-atocopherol acetate (TA; .5 IU, Sigma Chemical, St. Louis, MO; see below) in approximately .2 mL of 95% ethanol was added to the contents of each bottle. When all the additions of TA had been made, the bottles were removed from the ice, vented, and placed in a 39°C rotary water bath at 200 rpm. In the first set of experiments, the time-0 samples were chosen at random after 5 min at 39°C (for temperature equilibration) and then frozen in dry ice-cooled ethanol. Then, at 4, 8, and 24 h, three or six bottles (depending on the experiment) from each treatment group were removed at random and frozen. In the second set of experiments, the time-0 bottles were not warmed t o 39°C before selection, but were taken immediately from the ice and frozen (see Results).
The samples remained at -40°C until they were assayed for vitamin E.
Vitamin E Augmentation. Calculations for vitamin E augmentation were based on a supplementation rate of 1,000 IU-animal-l-d-l in the feed, which is within the range of values found to improve feed conversion in feedlot cattle (Stuart, 1988) . To arrive at the amount to add to each test bottle at this level of supplementation, we assumed a ruminal turnover of 1.25/d and a nominal ruminal volume of 40 L. With these assumptions, the average vitamin E concentration in ruminal contents is 20 IUL. Thus, we added .5 IU of vitamin E into the 25 mL of ruminal contents per bottle in our in vitro ruminal incubation test system. Upon analysis, we found this level to be approximately sixfold above that of the nonaugmented ruminal contents.
The TA solutions were made fresh for each day of experimentation. After dissolving an approximate weight of TA in 95% ethanol, an aliquot was removed, dried, and redissolved in an equal volume of hexane. The extinction coefficient was used to determine the TA concentrations, thereby allowing accurate addition to the incubation bottles. The extinction coefficient (280 nm) of 1% solutions ( w t h o l ) of TA in hexane is Vitamin E Extraction and Analysis. During the course of this work, three different methods for TA extraction were evaluated. Before the first set of experiments was attempted, an ethanokexane extraction method (Schuep and Steiner, 19881, com- monly used in feed analysis because of its ease and simplicity, was tried. Briefly, incubation bottle contents were acidified at 65°C in a sonicating water bath. This was followed by extraction with ethanol and then hexane at room temperature. An aliquot of hexane was removed for HPLC determination of TA content. This method was not used on samples derived from in vitro incubations.
ET AL.
A second method was a modification of the procedure of Cort et al. (1983) for determination of natural tocopherols in feed. This method was used on the first set of three in vitro experiments. Incubation bottle contents were placed in a 25-mm x 90-mm cellulose extraction thimble (Whatman, Maidstone, U.K. ), which was then placed in a Soxhlet apparatus fitted with a condenser for continuous extraction of the sample. The contents were extracted with 100 mL of 95% ethanol. After refluxing for 30 min, the ethanol was poured into a separatory funnel and extracted twice with petroleum ether. The petroleum ether then was evaporated, and the residue was dissolved in 5 mL of hexane. A 30-pL aliquot was injected into the HPLC for quantification of TA. Our protocol differed from that of Cort et al. (1983) in that we did not use a saponification step. Perhaps saponification would have increased extraction efficiencies, but it also would have hydrolyzed TA to tocopherol. We wanted to know whether hydrolysis of TA occurred microbially.
A third method, employing a chloroforndmethanol extraction (Folch et al., 19571 , was used on the second set of in vitro experiments. First, the incubation bottle contents were centrifuged (5,000 x g , 15 min, 4°C). The supernate was poured off and retained. Then 50 mL of chloroform at 50°C was added to the pelleted material and shaken vigorously for 30 s. Then 25 mL of methanol at room temperature was added. The samples were shaken gently at 50°C for 15 min. The particulate material was removed from the chlorofondmethanol by filtering through Whatman No. 1 filter paper using a Buchner funnel under vacuum. The residual pelleted material was extracted a second time with 15 mL of premixed chlorofordmethanol ( 2 : 1). The samples were shaken at 50°C for 5 min. After evaporation of all but approximately 10 mL of the chlorofodmethanol, the residue was combined with the supernate from the initial centrifugation step and extracted twice with a total volume of 90 mL of petroleum ether in a separatory funnel. The residue remaining after evaporating the petroleum ether was dissolved in 5 mL of hexane, and a 30-pL aliquot was analyzed by HPLC.
To avoid possible bias that could occur as a result of day-to-day variations in extraction efficiency, at least one bottle from each time point was done each day. Five samples were extracted and analyzed each day.
Alpha-tocopherol acetate was measured by HPLC using normal phase chromatography a t ambient temperature (LC-Si column, 5 pm, 25 cm x 4.6 mm i.d.; Supelco, Bellefonte, PA) with 99.5% hexane-.% dioxane as the mobile phase at a flow rate of 1.5 mL/ min (Schuep and Steiner, 1988) . A Waters 990 photodiode array detector with a Waters 600E systems controller was used. The instrument was set to measure absorbances between 205 and 340 nm with a resolution of 3 nm, a sampling time of 50 ms, and a measuring interval of 1 s. Concentrations were determined by comparing peak areas at 280 nm with those obtained from standard curves. Standard curves were obtained daily. The standard curves were obtained by linear regression using data from five injections over a TA range of .48 to 4.8 pg. The r2 values were 2 .98. Absorbance at 292 nm was monitored for a-tocopherol in the event that TA was hydrolyzed to tocopherol. In this way any disappearance of TA could be attributed to either hydrolysis to tocopherol or destruction. Absorbance at 205 nm was used to make sure the column was clean and that the TA peak was pure.
Data Analysis. Means and standard deviations
were calculated on the data characterizing the microbial activity in the in vitro incubation bottles. Responses from vented vs unvented bottles fell within the same 95% confidence intervals, and thus they were considered the same. Our test hypothesis was that TA concentrations do not decrease during a 24-h period of in vitro incubation of ruminal contents from an animal fed a high-concentrate diet. Means and standard deviations were calculated on the data from both sets of experiments. The data from the second set of experiments obtained using the chlorofondmethanol extraction method were analyzed by PROC GLM (SAS, 1988) . Specifically, we examined whether the experimental values, grouped by time and experiment, differed from each other and from the expected value (i.e., the 100% recovery value). An ANOVA was used to examine differences from the expected value. The model used was the adjusted values equal 0 at each time-experiment combination, where the adjusted values were the experimental values minus the expected value.
Results
In Vitro Incubation. Validation of our vented in vitro incubation system before its use in vitamin E metabolism studies was done using profiles of pH, gas production, and fermentation acids compared t o these response variables in an unvented system. We needed to show that our cultures were viable and metabolically active and to show that venting could be done without adversely affecting microbial activity. At the time of collection of contents from the animal the pH was 5.70 k .03. At time 0 the pH was 5.65 k .02. The subsequent pH profile ( n = 6 ) revealed a resultant in vitro fermentation typical of those with contents from cattle fed high-grain diets (Figure 1 1. With incubation, the pH decreased t o and maintained a value near 4.9. At this pH, the major contributors to maintenance of pH are the fermentation acids themselves (pK, = 4.8; Counotte et al., 1979) . Measured gas production was .6 mL of gas-mL of ruminal contents-l-h-l for the first 4 h of the incubation. From 4 t o 8 h, the rate slowed to .16 mL of gas-mL-l.h-l, and after 8 h the rate further slowed to .02 mL.mL-l.h-l (Figure 1 ). Results of fermentation acid analyses were typical for high-grain-based fermentations (Fulton et al., 1979; Malestein et al., 1982) . Total fermentation acid production averaged > 300 mM ( n = 6 ) during the 24-h incubation (Figure 2a) . At time 0, acetate and propionate represented 47 and 34 mol% of the total acid concentration, respectively, for an acetate:propionate (AP) ratio of 1.4:l. As the incubation proceeded, the A:P ratio increased t o 2:1, mostly due to continued production of acetate relative to propionate, particularly after 8 h (Figure 2a ). Initial concentrations of isobutyrate, 2-methyl-butyrate, and isovalerate were .9, .2, and .9 mM, respectively. Final concentrations were 3.5, .9, and 5 mM, respectively. These values did not change with venting (data not shown). Valerate increased from an initial value of 5 mM to 25 mM after 24 h of incubation, representing 4 and 2 mol%, respectively (Figure 2b) , the likely result of lactate metabolism by Megasphaera elsdenii or similar bacteria (Counotte and Prins, 1981) .
Production of ethanol and lactate contributed to the total pool after 8 h. Ethanol and lactate appeared earlier (at 4 h ) and attained higher levels at 8 h in nonvented bottles compared to vented bottles ( Figure  2b ). We decided that the appearance of lactate and ethanol should be minimized to keep the high-grain fermentation generating more desirable VFA for as long as possible. Thus, venting had a positive rather than a negative effect on microbial activity. The validation data yielded information critical for design of the TA metabolism study. Continued microbial activity for 24 h showed that dilution of ruminal contents was not necessary. Microbial activity also indicated that the ruminal contents contained sufficient energy sources for fermentation to continue for 24 h. Dilution of the contents with anaerobic buffer or artificial saliva to suspend particulate material and to maintain pH for microbial activity, as is necessary for forage-based incubations (Leedle and Hespell, 1983, 19841 , was not necessary with contents from animals fed a diet high in grain. The consistency of the collected contents (similar to a milkshake) allowed easy manipulation of samples, and the fermentation profiles were as expected, indicating that normal grain-based fermentation occurred. An advantage of using undiluted ruminal contents in our experiments is that they could be expected to mimic more closely the in vivo environment into which dietary vitamin E would be introduced. We also observed that vented bottles repeatedly had more desirable fermentation profiles (less lactate and ethanol; Figure 2b ). It was for these reasons that we decided to vent the bottles with one-way valves in our determination of whether ruminal microbes degraded added vitamin E. Recall that TA was added only at a level typical of dietary augmentation. Substrate in support of microbial growth and activity within the incubation was derived from the ruminal contents collected within 60 min of feeding.
Tocopherol Acetate Extraction. Before we began our series of in vitro incubations on tocopherol metabolism, we determined extraction efficiencies on ruminal samples spiked with TA. Using the ethanoaexane extraction method of Schuep and Steiner (1988) on chilled contents samples, extraction efficiencies were 80 to 85%, as expected (H. D. Stowe, Animal Health Diagnostic Laboratory, Michigan State Univ., personal communication). In ruminal content samples spiked and then warmed to 39°C for only 5 min, the efficiencies ranged unpredictably from 50 to 80% (data not shown). Extraction efficiencies were performed after sample warming because we wanted to rule out any effect that partitioning of TA into sample lipids might have. We reasoned that lipids derived from bacteria would undergo a transition from a solid to liquid state during the warming and, thus, partitioning would be more likely to occur. Because of unpredictable results, we abandoned this extraction method.
We then employed a hot ethanol extraction method adapted from Cort et al. (1983) . Results yielded nearly 100% recovery of added TA from chilled, nonincubated samples (data not shown). Recoveries from samples incubated for 5 min at 39°C averaged 85%. Because this value was reproducible and within an acceptable recovery range, the method was used on the first set of in vitro incubations. However, results from ruminal content samples incubated for 4, 8, or 24 h were not acceptable because each of the three experiments yielded a different trend (Figure 3a) . The first experiment's profile indicated that TA remained unchanged for the entire 24 h. In the second experiment, tocopherol decreased initially and then returned to the starting concentration. In the third experiment, TA levels decreased by 50% at 4 h and remained at that level throughout the test period. Because of these results, we postulated that in many samples we were not extracting all the TA with this method. It was considered less likely that ruminal tocopherol metabolism changed from day to day, Time, h because the dietary and environmental conditions during this time frame remained constant. To examine extraction eficiency as the cause of the differing results, we conducted an additional set of in vitro incubations using a more-universal lipid solvent, chlorofodmethanol. We also doubled the number of replicate bottles ( n = 6 ) to address the anticipated concomitant increase in variability.
Using the chlorofordmethanol extraction method, mean values of TA concentrations were consistent among the three experiments (Figure 3b ). An analysis of variance detected no overall differences when all three experiments and four time points were pooled ( P = .69), or when all time points were pooled among experiments ( P = ,691. When all three experiments were pooled, the effect of time of incubation also was not significant ( P = .go); however, there was a trend for time-0 values to be lower than the others ( Figure   3b ). On average, our experimental values were .024 IUhottle lower than the expected value, yielding an average recovery efficiency of 96%. By ANOVA, the overall means of experimental values were not different from the expected value ( P = .2 1). The expected value for all determinations was .586 IUhottle, of which .50 IU was added directly to the bottle and .086 IU originated from the feed. (The concentration in feed was the average of six determinations on nonaugmented, nonincubated, ruminal content samples). Originally, we had intended to use the determinations at time 0 as external standards to correct for our extraction efficiencies. Recall that these samples had not been incubated and that each day's group of extractions included at least one bottle from each time point of incubation. After examination of the data, we found that time-0 data could not be used as external standards because they were often lower than any other values. Fortuitously, our recovery efficiency averaged 96%, making corrections using an external standard unnecessary.
Discussion
Many cattle feeders are reexamining dietary supplementation of vitamin E. This examination results from several feeding trials documenting increased performance (Adams, 1982; Hutcheson and Cole, 1985; Carrica et al., 1986) and disease resistance (Morrill and Reddy, 1987; Bendich, 1990; Tenderdy, 1990) in cattle receiving vitamin E supplementation and from apparent vitamin E deficiencies observed in cattle newly arrived at feedlots during recent dry years (M. Vorhies, Department of Veterinary Diagnostic Investigations, Kansas State Univ., personal communication). Thus, there is interest in quantifying vitamin E availability and absorption rates to determine the effectiveness of supplementation. Critical to this evaluation is knowing whether vitamin E is degraded during passage through the rumen before it becomes available to the animal.
Much of the current interest in ruminal degradation of vitamin E stems from reports that up to 50% of the dietary vitamin E is not present in duodenal contents of ruminants fed a high-concentrate diet. Shin and Owens (1990) , using adult steers fed a rolled corncottonseed hull finishing diet, found that 39 to 52% (depending on the form) of supplemented vitamin E disappeared before reaching the duodenum. In sheep, Alderson et al. (1971) found that vitamin E disappearance increased from 8 to 42% as the corn content of the diet increased from 20 to 80%.
The possibility of disappearance via ruminal absorption was addressed by Alderson et al. ( 197 1 ) , who monitored blood tocopherol in ewes whose digestive tracts were ligated at the pylorus. They found that orally administered vitamin E did not appear in the venous blood. Likewise, Hidiroglou and Jenkins ( 1974) and Hidiroglou et al. ( 1970) reported higher tissue and plasma levels when radiolabeled tocopherol was dosed into the duodenum than when it was dosed into the rumen.
In many of the studies cited above, the authors have implicated ruminal microbes in the disappearance of dietary vitamin E. Indirectly supporting this hypothesis, Rode et al. (1990) quantified vitamin A disappearance in ruminal fluid from cattle fed concentrate, hay, or straw diets. These authors estimated effective ruminal degradations of vitamin A for these diets of 67, 16, and 19%, respectively. Vitamins A and E are closely related in that they are both fat-soluble, have similar distribution in the fatty tissues of the body, and seem to protect the host from oxidative injury (Linder, 1985) . For these reasons, many researchers assume that they will undergo similar reactions in the rumen. But these two vitamins actually are quite different. In contrast to vitamin E, vitamin A has four double bonds in its side chain. These are susceptible to reduction in the anaerobic environment of the rumen because double bonds are targets for electron and proton deposition (biohydrogenation) by a number of ruminal microbes, especially those in animals being fed large quantities of grain (Harfoot and Hazlewood, 1988) . In contrast to vitamin A, the double bonds of tocopherols are within an aromatic ring. Aromatic rings are not readily saturated (hydrogenated) or degraded anaerobically under prevailing conditions and retention times in cattle fed high-grain diets (Williams, 1977; Chesson and Forsberg, 19 88) .
Only limited in vitro data are available on microbial destruction of vitamin E. Astrup et al. (1974) conducted an in vitro incubation with ruminal contents from a fasted sheep fed a n alfalfa chafioats ( 1 : 1) diet. Using radiolabeled DL-a-tocopherol, these workers found no significant disappearance during a 24-h period. (These workers also used a chloroform/ methanol extraction procedure.) However, these workers used ruminal contents from an animal fed a lowquality forage diet. The data that implicate ruminal microbes in vitamin E degradation are those with animals fed high-grain diets. The microflora from an animal fed a high-concentrate diet may be sufficiently different metabolically from that of an animal fed a high-forage diet to support the purported ruminal destruction of vitamin E (Latham et al., 1971; Mackie and Gilchrist, 1979; Oshio et al., 1987; Rode et al., 1990) . Further, the postprandial time of collection would significantly affect the outcome of an in vitro incubation with those ruminal content samples (Leedle et al., 1982 (Leedle et al., , 1986 ).
We elected to study ruminal vitamin E degradation using an in vitro incubation test system, which restrains biological factors except microbial activity. When used for short-term studies, this test system is an acceptable estimator of ruminal function in the animal (Bowden and Church, 1962; Richardson et al., 1976; Beede and Farlin, 1977) . Our initial study on microbial activity, and hence viability, indicated that this is true. We targeted ruminal microbes collected from a beef steer fed a high-concentrate, corn-based diet because references to vitamin E degradation have incriminated concentrate-fed animals as those that seem to degrade more vitamin E. We selected the major form of vitamin E used as a dietary supplement (DL-a-tocopherol acetate) at concentrations similar to those supplemented to cattle for performance enhancement. Our results demonstrate that vitamin E is not microbially removed during a 24-h in vitro incubation. Furthermore, despite the presence of microbial esterases in ruminal contents (Prins, 19771 , these data indicate that esterases were not active on TA. If they had been, we would have found a decrease in TA and an increase in tocopherol. We found neither. An additional piece of evidence supporting our contention that TA is not degraded by microorganisms in the rumen is that with the ethanolhexane or the hot ethanol extraction methods we found that disappearance occurred by simply warming the spiked ruminal contents to 39°C for a few minutes. Microbial degradation in such a short time is unlikely, especially given that we later found by chlorofordmethanol extraction that all the TA remained. Another possibility, although remote, is that the TA was chemically modified or degraded by the physicochemical characteristics of ruminal contents without the direct participation of the microbes. If such had occurred, we would have observed some loss in the nonincubated samples or a change in the spectral pattern. Again, the high recovery rates from the chlorofordmethanol extractions and the reproducibility of the HPLC analysis argue against any microbial or chemical degradation.
Then how can we explain other reports of ruminal vitamin E disappearance estimated at approximately 50% of the level added to a grain-based diet? From our experience with different extraction methods and from parallels with extraction of lipophilic toxicants from soil, we believe that results documenting disappearance are not due to degradation but t o inadequate extraction methods. In extraction of toxicants from soil, matrix interference can lead t o poor recoveries, necessitating sample clean-up methods and corrected experimental values based on recovery of external standards ( U S EPA, 199 1). Matrix interference results from polar lipids present in the soil samples. The effect is that the compound(s) of interest (e.g., tocopherol acetate), although soluble in the extraction solvent, cannot be extracted with high efficiency from the polar lipids that are much less soluble in the same solvent. Because lipids, regardless of their polar or metabolism in the rumen. Vet. Res. Commun. 5:lOl. nonDolar nature. are soluble in chlorofordmethanol. matrix interference is significantly reduced when this extraction method is used.
From our data we cannot exclude the possibility that microbes from cattle fed a diet with a higher vitamin E content would not have metabolized TA.
Such a determination will require in vivo studies. However, we do not anticipate tocopherol metabolism based on known patterns of anaerobic microbial metabolism.
Implications
The present data suggest that previous reports regarding vitamin E disappearance from the rumen may have been biased by incomplete extraction before quantification. On the basis of this study, the low proportion of dietary vitamin E appearing in the blood cannot be attributed t o ruminal destruction. Therefore, poor absorption is the likely explanation. Proof of this hypothesis will require determinations of tocopherols in ruminal contents and feces of supplemented cattle.
